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Various graphical methods have been developed to handle 
the st atistical dat a gathered for hydrological studies. 
Those most fami liar are probably the hydrograph, the mass 
curve, and the flow-duration curve. The first two graphical 
techniques have bee n in use for nume::i.:'ous years and as a 
result, are dsscribed in many textbooks ( 1-1?.13) . T'hc .fj_rst 
published writings dealing with the flow-duration curve are 
believed to have be e n re leased in about 1878 (2-1249). 
However, the general use of the flo�.1-·durat ion curve started 
around the year 1915, but as late as 1934 it was felt that 
manJ of the :L'u:uuarner1ta1 pri11c:i.vl8s of ·the flow-duration curve 
were not fully understood by many engineers (1-1213). 
Flow-duration curve s and tabl es are statist ical devices 
which show the probabil ity of occurrence of different flows. 
In actu alit y , the flow-duration curve or table gives the 
perc entage of time a certa in flow is equalled or exceeded. 
A further discussion on +he definition, co�struction, and 
uses of the flow-duration table and curve will_ be prese nted 
later in this paper . 
A aeries of studies on the seasonal flow characteris-
tics of various river basins in e&stern S outh Dakota have 
been conducted at South Dakota State University. During the 
course of these studies of the seasonal variations in stream 
floH' c ",nc·:;,,c+ ed -b,r Raknes� ana, C h.en> it was considered user'"'1ul • Y'. f . "- A. \. u .._ J - · - -
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to cons truct the flow-durat ion curve s for the streams being 
studi e d . It was shown by Rakness that an annual i'low­
durat ion c urve or table  will not depict the seasonal 
variations of a s tream (J-20). That i s  to say, while a 
given flow may be equalle d or exceeded 50% of the time, the 
annual flow-duration curve doe s not indicate when the flow is 
ava ilable . For example, the time when t he flow i s  available 
i s  e xtremely important in the case of irrigat ion, wat er 
supply, fi s h  life propagation, pollution cont rol, or for any 
othe r  usage whe re the demand i s  s e asonal. 
RaknGs s  then develope d what h e  called a seasonal f low-­
duration table. The Rakne s s  table  divided a month into three 
per iods and us e d  each of the s e  one-third �onth per iods as the 
time frame fur th e construction of the seasonal flow-duration 
tabl e. The advantage of a seasonal flow-durat ion table or 
curve is that i t  allows .th� hydrologist to examine the  given 
stream for the t ime period of the year when t h e  flow wi l l  be 
needed. As an example. in allocat ing irrigation pe rmit s, it 
is extremely important to know what the typic al f"lows are 
during the period of the year when irrigation is to be con­
du c te d .  
The cons truction of a flow-duration tab le or curve is a 
te d ious and t ime-consuming job. To prepare e it h e r  of the s e  
for a stream with 40 years of daily record s, t h e  hydrologist 
must handle 14,600 pie ces of informatian. For a seasonal 
flow-duration. t<J..-ble or curve, for the same �:trea.rn, the 
hydrologist will be handling 14, 600 pieces of inf'ormation 
and must construct 36 tables or curves whichever the case 
may be. 
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In a study involving several gauging stations, such as 
in the studies by Rakness and Chen, the manual manipulation 
of the data would inflate the magnitude of the project beyond 
the scope of what could be completed in a year of graduate 
work. As a result, Rakness developed a computer program to 
assemble the data from the United States Geological Survey 
(USGS) tape and perform the necessary calculations on the 
assembled data (3-7). Chen expanded and modified the Rakness 
program f'or use i!1 his study (4-8) . Unfortunately, in both 
studies it was necessary to construct the seasonal flow­
duration table manually from the computer printout. This 
delayed the immediate availability of the information and 
increased the chance of. human error. 
As a result of these studies and the apparent utility 
of the seasonal flow-duration table, it became apparent that 
a computer program capable of constructing the seasonal flow­
durat ion table directly from the given records would be an 
important tool for hydrological studies. This awareness of 
the need for a computer program to construct the seasonal 
flow-duration table resulted in the study described in this 
paper. 
It was the purpose of this study to develop a computer 
program that meets the following criteria: 
1.. 'J.lhe progx·am rr.ust ·be adapta:)le to the USGS computer 
·i;apes of streaz:lflcN gaugi:ng records. 
2. '?he program m�.�st print directly the seasonal flow­
clurati.on table without ne ed for additional manual 
manipulation. 
3 , Ti1e progr3,m r.urnt be adaptable to any station on 
the gi·�en USGS tape. 
A program bo.r.=;ed on th1� a:for�me:nti o:-wd cri terio. would 
most probably have the f'o.LLov.ring advantages: 
t. To improve the irrffnediate availability of the 
seasonal flow-duration table , 
2. To significantly reduce the labor requirements of 
obtaining S(:)asonal flow-duration tables or curves, 
J. To minimize the chance of human error in ths 
6onstruction of seasonal fl��-·�u�atio� +a�les. 
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GENERAL BACKGROUND INFORMATION 
Definition of Flow-Duration Curve 
A flow· .. duratio;n curve, whether it be a seasonal flow­
duration curve or an annual flow-duration curve, may be de­
fined as a curve that shows the percentage of time, or number 
of time units that a given flow is equalled or exceeded 
(5-1240). In a purely statistical sense the duration curve 
is an "accumulative frequency" curve in that the values 
shown by the frequency cu:rve are added successively to obtain 
the duration curve. As a result, the duration curve shows 
the total number of values which are smaller (or larger) than 
a gi vm: an-;.o�nt. In a se�ss, frsquency and flm«·--c::..A.ro..t2.or.. 
curves reay be considered as forms of probability curves show­
ing the probability of occurrence of flows of a certain magY).i­
tude (1-1213). In addition, the flow-duration curve may be 
considered as a special form of a hydrograph because both 
are prepared from the same data, and the areas under both 
curves represent the total flow regardless·of the time units 
used (5-1240). The flow-duration curve provides a direct 
indication of the stream character, a flat slope represent­
ing a river that has few floods and a large ground water 
recharge, and a curve with a steep slope representing a river 
that is "flashy" and subject to large variation in flows. 
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Const ruc tion of the Fl ow- Durat ion Curve 
A fl ow-duration curve is const ructed from a fl ow­
durat i on t able. A fl ow-durat i on t ab l e  is a l ist ing of the 
re c o rd e d  fl ows and th e pe rc ent age of t ime t ha t  th is fl ow i s  
e q uall e d  or exc e e de d. Th e init ial step in t h e  const ruct ion 
of a fl o w-durat i on t ab l e  i s  t h e  l i s t ing of the dat a  for a 
gi ve n  p e r i od in a d e scending ord e r  of magn itude . · Next , t h e  
corr e s ponding pe rce nt ages o f  occurrence ar e c alculat e d  by th e 
e xpr e s si on (Y/X) 100, wh e re X i s  t h e t o t al numb e r  of r ecords, 
and Y i s  th e numb e re d  rank of the r e c ord whos e perce ntage of 
durat i8n i to be calcu lated. Th e r esu�ting c alculations are 
t abu l at e d  and t h e  t ab l e  cal l e d  a f l ow-durat i on tab l e . The 
fl ow-durat i on tabl e is t hen u sed t o  c onst ruct t h e  fl ow­
durat.ion curve (J-:-15) • 
U s e s  of the Flow-Dur at ion Curve 
Th e abci s s a  of th e fl ow-durat i on curve s h ows th e pe r­
c e nt age of t ime and t h e  ordinat e of t he fl ow-duration cur ve 
dep ic t s th e r at e  of s t r e amflow; t h u s , as was; po i nt e d  o ut 
earl ier , the are a unde r t h e  flow-durat i on curv� may b e  u s e d  
to calcul at e t h e  t o t al vo lume of w at e r  that pa s s e d  t h e  gaug­
ing s t at i on for th e g iven per i od of r ecord s from which the 
fl ow-durat i on curve was pr epared. Th is charact e r i s t ic of 
th e fl ow-duration curve can be benefic ial in pr e dict ing t he 
ava ilab i l ity of stre arnfl ow for var i ous u s e s such as: was t e ­
wat e r  dil ut i on, irrigat i on, and hydroelect r ic powe r g e ne ra­
t i on . The seas onal flow-duration curve can also b e  u s ed t o  
exhibit the availability of streamflow for any given period 
throughout a year. 
A flow-duration curve constructed from data covering 
"t" years, not only illustrates the conditions for all "t" 
years, but also is considered to give a representation of 
the average conditions for "t" years. For this reason flow­
duration curves are used in the design of virtually any pro..­
ject that requires a particular streamflow. 
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In light of the new wastewater discharge ·standards, the 
flow in a given stream becomes a very important part in 
establishing the re quire d degree of treatment of the waste­
water. As a result, seasonal flow-duration curves could play 
an important role in the design of a sewage treatment plant, 
especially if the receiving stream cannot provide adequate 
dilution or if t he stream falls into the intermittent stream 
category. 
Recently, Vern Butler, Planning Engineer with the South 
Dakota Water Resources Commission, requested that a study be 
made to aid in the preparation of the State Water Plan. Dur­
ing the course of this study and other studies conducted at 
South Dakota State University, a series of computer programs 
were developed to use the flow records on USGS tapes, and 
calculate the percentage of occurrence of the given flows. 
However, the flow-duration tables and curves necessary in 
this type of study were constructed manually. 
Discussion of Flow Tapes 
The USGS and cooperating state and federal agencies 
collected the data used by the computer program which con­
structs the flow-duration table. The data including daily 
discharge values on the USGS tape are compiled from various 
gauging stationi which have been established on the rivers 
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of South Dakota. The records used in this study included 102 
of these gauging stations (l+-8). The data compiled on the 
tape ranged in date from 1903 to 1970 and included 24,9.5.5 
months of flow records. 
The data as collected at the flow-gauging stations were 
compiled on a computer-compatible tape which was one-half 
inch wide, 9-channel, and 800 bpi. The data are recorded in 
odd parity as is shown in Table 1. 
Each monthly record is called a logical record . On the 
tape, a blocking factor. of JO is present; thus each physical 
record contains JO logical records. In other words, each 
actual group of information on the tape contains JO months 
of records. This tape is in alphanumeric format; thus, a 
logical record contains 38 words of 4 bytes ea.ch. Each phy­
sical record contains JO logical records or a total of 
4, 5 60 bytes. At the end of each physical record there are 
two additional bytes which are used as a longitudinal check 
byte and a hardware check. The IBM J70 system does not con­
sider these as part of the block size, but they may be trou­
blesome to other computer systems (6). 
Table 1 . Format of Magnetic Tape 
Containing Daily Disc harge Figures ( 6) . 
Word No. Identifier Format 
1 Station Number -fixed binary 
2 Year -fixed binary 
3 Month Nwnber -fixed binary 
4 Code 1 -fixed binary 
5 Code 2 -fixed binary 
6 No. of days in month -fixed binary 
7-37 Daily mean disc harge 
values (in hundredths)*-fixed binary 
38 Monthly total (in 
hundredths)* -fixed binary 
* The recorded value must be divided by 100.0 to 










Every gauging station which has data stored on the mag­
netic tape has been assigned an 8-digit station number. This 
is the first piece of information contained in each logical 
record. The next two pieces of information stored on the 
tape are self-explanatory in that the year of the logical 
record is recorded and the month number of that logical record 
is recorded also. Nowhere in the material pertinent to the 
tape was there a definition of code 1 or code 2 which are the 
fourth and fifth pieces of recorded information , respective­
ly. The only reference that can be made concerning the code 
number is that al l the stations are code 1. The sixth piece 
of information in the logical record is the number of days in 
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the m onth; and, i:f the months are c omplete with respect to  
the number of rec ords, the number of days in the month corre­
sponds to  the number of streamflow rec ords in the given logi­
cal record. The seventh thr ough thirty-seventh pieces of 
information are the daily mean discharge values. The infor-­
mation given in this segment of the_ tape is an average value 
of the individually observed flows that occurred during the 
24-h our peri od. The last piece of data in a l ogical rec ord 
is the m onthly t otal flow. This value is not used for the 
constructi on of a flow-duration table and is not used by the 
flow-duration table computer pr ogram. 
Appendix A includes a FORTRAN IV pr ogram which illus
·
­
trates a method of reading the magnetic tape. With this pr o­
gram 200 logical records can be read and printed. Table 2 
is a p orti on of the printout fr om this pr ogram for one of 
the l ogical rec ords. The printout sh ows the exact sequence 
of the st ored rec ords on the tape. 
Discussi on of the Rakness Pr ogram 
In 1970 Rakness rep orted the fl ow variati�n of the Big 
Si oux River (J-18). This study included the preparation of 
fl ow-durati on tables and curves. Rakness developed a com­
puter pr ogram t o  assist him in the construction of the fl ow­
duration tables for the seven gauging stati ons inv olved in 
his study. The flow-duration tables were prepared f or the 
arbitrarily-selected peri ods of one-third month throughout 

the year. This reduced the 365 periods of record to 36. 
The mean flows for these time periods were also determined. 
The flow-duration table prepared by Rakness is similar in 
structure to the flow-duration table that is constructed by 
the computer program developed in this study, except that 
Rakness constructed his flow-duration tables manually. 
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The computer program developed by Rakness provided the 
information to construct the flow-duration tables and curves 
needed in his study in one program. This was·very efficient 
on� station per card basis. That is to say for Rakness's 
the·sis, his program was very efficient. However, on a gen­
eral applicability basis the Rakness program was rather 
inefficient. The basic shortcoming in the Rakness program 
was that it was specific to his certain situation in that the 
data tape he used contained only the flow records to be eval­
uated. Of the 1�8 cards used in the total program, 100 of 
the cards were used in reassigning values to variables. As 
a result, this program was dependent upon prior knowledge 
of the format of the records on the tape. In order to use 
the Rakness program on another five stations, approximately 
100 cards or one-half the program would require change. In 
addition, the program would have to be checked for logic 
statements that might conflict with the new periods of re­
cord and new station nwnbers. In fact, almost an entirely 
new program. would have to be written for each additional five 
stations studied, while the logic of the programs may remain 
·. 
the same. 
Although the Rakness program provided one-third month 
averages and the information necessary for the construction 
of a seasonal flow-duration table and curve, it lacked the 
convenience of a program which could construct the seasonal 
flow-duration table. Furtherm1re, the Rakness program re­
quired the manual construction of the seasonal flow-duration 
tables and curves. The program developed in this study 
assembles and prints the seasonal flow-duration table but at 
a sacrifice of additional computer time. 
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In general, the main drawback of the Rakness program was 
the lack of adaptability to the univer�al situation. Also, 
the complexity of this program did not lend itself to mani­
pulation by inexperienced computer programmers. In addition, 
this program required the manual construction of the seasonal 
flow-duration table. These drawbacks contributed to the need 
for this study and the subequent computer program. 
Discussion of the Chen Program 
Chen conducted a study of the seasonal variations of 
streamflow and water quality in the Upper Mississippi­
Minnesota Rivers Basin in South Dakota. A computer­
compatible magnetic tape of the flow records of 102 gauging 
stations located in South Dakota was obtained from the USGS 
for lrne in Chen's study. This magnetic tape is the same tape 
that was used in this study. The tape and its format were 
discuss�d earlier in this paper. 
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Chen felt that it was necessary to  modify the Rakness 
program in order t o  use it in his study. Chen estimated that 
it w ould have required nearly 6, 000 computer cards and an 
excessive amount of computer time if the Rakness program were 
t o  be used in ·his study ( 5-11). Chen's modification of the 
Rakness program resulted in three completely new programs. 
Chen's first and third programs were similar t o  the Rakness 
pr ogram. The first program pr ovided for the selection of 
stati ons and s orting of these records int o 10-day periods. 
In the third pr ogram, the.percentage of occurrence was com­
puted f or each fl ow. 
In brief, Chen's modified pr ogram c onsisted of .three 
parts. The first program read the mean daily flowa from the 
USGS flo w  data tape and s orted these data int o one-third 
m orith periods, and then the newly s orted data was placed on 
another magnetic'tape. The second program used by Chen was 
a sort program. The sort program rearranged the data on the 
sec ond tape f or each one-third month period at each gauging 
station into an increasing order of magnitude and printed 
them·on a third tape. The third c omputer program calculated 
the percentage of time that each flow was equalled. This 
three-part c omputer program required 170 c omputer cards and 
tw o  additional c omputer tapes. 
While the Chen pr ogram had the capability of handling 
m ore stations with fewer cards when compared t o  the Rakness 
program, the f ormer suffered many of the drawbacks of the 
latter. Chen., s program did not produce a printed flow­
duration table. However, Chen's program did provide a very 
detailed flow-deficiency table for one-third month periods 
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at the given sta·tions. Chen's one-third month deficiency 
table could contain well over 2 0 0  recorded flows and corre­
sponding percents of occurrence. This type of detail may be 
justified in certain instances but for most studies the pro­
gram provided excessive detail for reproduction and utility. 
Chen's program was similar to the Rakness program in that both 
provided sufficient information to facilitate manua.1 construc­
tion of a flow-duration table. 
Chen's program lacked the ability_ to be used by the 
inexperienced programmer for a small number of gauging sta­
tions. In order to use Chen's program on a different tape 
or a different group of stations it would be necessary to go 
into the first program
. 
and change as many as eight statements 
and change the variable that corresponds to the station num­
ber. In addition, the Chen program would
.
require the han­
dling of two additional auxiliary tapes. 
The general shortcoming of Chen's program was that it 
lacked ease of use and simplicity. Also, Chen's program 
constructs a deficiency table rather than a duration table . 
. A deficiency table is the inverse of a duration table. 
Finally, in Chen's study, the seasonal flow-duration tables 
are constructed manually. 
COMPUTER PROGRAM TO CONSTRUCT 1rHE 
SEASONAL FLOW-DURATION TABLE 
Ini t ial S o rting 
As described earlier, the flow-gauging s t a t i on records 
were provided by t he U SGS 0:--1 a comput er·-cor:1patible m agnet i c  
t ape. Th is t ape i ncludes rec ords f o r  most o f  the flow� 
gaugi ng s t a t i o ns in South Dakota. Its format was descr ibed 
ear l i er and an exampl e  of the pr intout from the t ape was 
given in Table 2. 
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Prior t o  the u s e  of the c omputer program devel oped i n  
this s tudy, the or iginal USGS tape was sorted onto another 
tape by 8.  sor-i.: p·�ogram.. 1I'he s ort program used is listed in 
Appendix B. The f o rmat on the or iginal USGS tape may be 
describz,d as being l isted in order of s t a t i on number, year, 
and month. F or example, the s t at i on number and year are held 
constant and the m o nths vary in chronol ogi c al order unt i l  the 
end of r8cord for t hat year , and then the year is ch anged. 
Upon ch2nging the year, the months change and this pro c ess 
continues unt i l  the records f o r  a station end; at which t ime 
the station number c hanges and the wh o l e  :process continues . 
During the ·sorting of tne original tape the dat a  order 
was changed and presented on a new t ape. The new f o rmat may 
be described as a listing in orde r o f  stat ion number , month, 
and year. This change of order has the effect of gr ouping 
all like months together. An example of the new f o rmat on 
the new tape is give� in Table J. 
A sorting of the data in this manner has the following 
advantages: 
1. The complexity and size of the program needed to 
construct the seasonal flow-duration table is 
reduced. As a result, the sorting saves computer 
time. 
2. The amount of storage space required in the com­
puter is reduced . 
J .  A safety factor against erasures is provided . 
The orig inal USGS tape may be filed away after 
the sort because it will not be needed unless 
the new tape is �estroyed, at which time another 
tape can be made from the original. This results 
in only one working tape as opposed to three as 
re quired for Chen's program. 
4. The original tape combines any incomplete years 
of record vd:th years that have complete r0cords, 
thus, alleviating the need for special treatment 
for those stations with incomplete earlier years 
of record. 
Discussion of Prgposect Programs 
A flow diagram of the program developed in this study 
is shown in Figure 1 . As an aid in following the flow dia-
·gram, a list of the variables used in the program and their 
corresponding values are given in Table 4. 
The program is -vvri tten in FORTRAN IV. A complete list-· 
ing of the program as it ran on an IBM J70 is in Appendix C. 
The total computer execution time is J. J seconds, which is 
·considerably less th an required for manual construction of 
the seasonal flow-duration table. 
The program contains four phases of operation. These 
·. 
Table J ,  S ar..?l e  ?r int out Obtaine ci From the New Tape Which C ontains S cr�e d  Data Fron 1 h� O riginal USGS Tape , 
S t a t i on Y e ar o f  Month . in C o de C o de D�ys in F l ow on 
r;,_;;.,be r, Rec or� Year-:-;; N o .
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A V FZ 
1.i :3 C d t o  
1 �>g i c: n :L  
Memory 
iv1e r1o r·:· 
:v� mo:i:y 
r <:? s c cv c  � J: } <i.c c in memory fo1� the: 
r·::: C 01 'd . 
spac � for fl ows in firs t (m e - th i rd 
:.;pac e f'o :c f l ows in s e c ond one -th ird 
:::; race  f o r  fl ows in th ird o n e - tr. i r d  
o f  a 
n1 ont� pe r i o d . 
rr:onth pe r i. 8.-l .  
1r.olith pe r i od .  
Me� o ry spac e f o r  fl o w s  i n  firs t on e - th i r d  m onth ner i o d  
t h a t  c o rre spond t o  t h e  gi ven p e r c entaee s . 
H a mory s pa c e  for f l ows i n  s ec on d one - th i r d  month pe r i o d  
t h � t  c o rre spond t �  t h e  g i v en p e r c entage s .  
M e mory spa c e  for f l o w s  i n  th i r d  o n e - th i r d  month pe r i o d 
ti i <i. t  c o rrespond t o  t he g i ve n  pe rc e nt a ge s . 
ifiemory s p a. c e  fo r s t o rage of the p c r c e ::t age s for wh i cl1 
th e c orr e s p o n d i n g  f l ows are d e s i re d . 
Memory s p a c e f o r  s t orage of m onth name s ,  t o  be u s e d  i n  
J11. l. l  : �'-: 1�� � •• a t � 1 l· r "LJ-i a rt i'I JO l �!th rn li1lbc :a..-·s ft 
S tat i c� numb e r  for wh i c h  sca�onal f l o� - dura t i on tab l e  
i s  wante d . 
C ounter u s e d  t o  c o u nt the numbe r of r e c or d s  in th e f i r s : 
one - t h ird mo nth pe r i o d . 
C o un t e r  u s e d  to c o unt the number o f  r e c ords in the s e c c ;�d 
one - 1. h i r d  month pe r i o d . 
C ou n t c �  ur: e d  t o  c o unt th e  number of re c o r d s  in th e t h i r :! 
onc - th i c C.  mor!th per i o d .  
C ounter us e d  to c h e c k  the month number o f  the l og i c a l  
re c o r d . 
S um o f  flows in f i r s t  on e - t h ir d m onth pe r i o d � 
S um o f  f l ov� in s e c ond one - th i r d  mon�h p e r i o d . 
S um oJ.' f l ows in tr. i rd c;re - t h i r d. m onth per i o d . 
U s e d  to de s igna te end of re c or d  f o r  the g i v e n  s tat i o n . 
f<.ep2�e � ;L•nts  thP. s �R-t: i on m.:mbe r  on the t ap e  wh i c h  mus t e4 t1 .:.l  V �> nWM . 
N u nib e r  o f  the m o n th wh o ::; e  l og i. c a J  r e c 0 r d  i s  be i ng r e a d  
b y  the c omru t e r . 
N u� � e r  of d ay 3  in t h e  month . 
A vc r.n :; .. � f l o w  for the f i r s t 0:1c - th i ni r .... nth p e r i od . 
A v e i :i ,3C fl ow for t h e  :::; c c c; n d  one - th i rd mon th pe r i od . 
A v e rage f l ow fo1· th i rd o rn� - t h i r <l �n orrtl� pe r i od . 
1 9  
four phases are divide d by comment cards with in th e program 
listing and are d ivide d by numbe red statements in the flow 
diagram . 
The first phase of the fo ur phase d program includes the 
segme nt from the start of the program to the C ONT INUE state ­
ment labe led 65 . 
Figure 1 a .  
Reserve memory space for : IDATA ( j8 ) , 
I S T ORE ( J 8 ) , X ( 1 0 0 0 ) , Y ( 1 0 0 0 ) , Z ( i OOO ) , 
FLOWX ( 1 1 ) , FLOWY ( 1 1 ) , FL OWZ ( 1 1 ) , j 
PERDUR ( 1 1 ) , XMON ( 1 2 , J ) 
S e t  the value of PERDUR ( 1 ) =0 . 0 ,  
PERDUR ( 2 ) � 1 0 . 0 ,  PERDUR ( 3 ) =2 0 . 0 ,  
PERDUR ( 4 ) =J O . O ,  PERDUR ( 5 ) =4 0 . 0 ,  
PERDUR ( 6 ) = 50 . 0 ,  PERDUR ( 7 ) =60 . 0 ,  
PERDUR ( 8 ) = 70 . 0 ,  PERDUR ( 9 ) =8 0 . 0 ,  
PERDUR ( 1 0 ) =90 . 0 ,  PERDUR ( 1 1 ) = 1 0 0 . 0  
I 
a. 
Generalize d Flowchart of the C omput er Program 
that C onstructs a Seasonal Flow-Duration Tab le . 
Initially the program reserved space in the computer memory . 
Th en the memory space reserved for PERDUR is fille d w i th 
the percentage values for wh ich the desired flows wi l l  e qual 
or excee d .  
20 
F igure l b . 
8 . •  
! 
,-�---·-·· ·· �---�- -...........J.._ I K�AD 
---.. -----·------ � 
1 
a .  T h e  s t at i on number o f  the sta--­
tion ( VS�L1NUM ) ,  for wh ich the seasonal 
flow-duration table i s  wanted . 
b .  The names of mont h s  in ye ar . 
_J_ 
WRI 'l1E 
The he iding for the se asonal 
lSet th e val ue of I X = O , IY�::Q , � 
I Z =O , I B=1 , SUMX =O . O ,  SUMY =O. O , 
S UMZ =O . O ,  and I END=O. 
J--·--· 
. 
b · . 
I n  thi s  portion of the program VSTNUM and the names of 
the mon th are read from the data cards. The n�cessary 
instruction s  are given to the computer for pr inting of the 
seasonal flow-duration table heading. I n  add ition , the 
vari ables u s e d  in the program are set equal t o  z e r o . 
2 1  
b. 
READ 
The logical record 
sorted magnetic tape. 
-,--------- IF 
__.-----I)esired stat ion No. 
yes
@o TO 





sorted tape . ----- --- / 
--------- · 
Stat i on No . on tape 
Greater than 
c .  
In fol l owing the taped input thr ough the program ,  the 
first piece of data on the logica l  record , the stati on num­
ber ,  is checked to ensure that this stati on number ( S TANUM ) , 
matches the desired stat i on number ( VSTNUM ) , this process 
re quires th at the station numbers be listed in i ncreasing 
order o :f  magnitude. I f  the computer is reading the records 
22  
of the proper s t at i on p th e c omputer passe s  th e i nf o rmat i on 
on thr ough the pro gram , wh i c h  wi l l  be d i s c uss e d l at e r . I f  
2 3  
th e c omput er i s  rea d ing the rec ord o f  a s tat i on num�er ( S T.ANUiVI) 
wh i ch is l e s s  than VS TNUM, the c omputer is ins t ru c t e d  t o  
i gnore th is data and rea d  ano th e r  logi cal rec o rd. Or i f  the 
c omput er is readi ng a STANUM wh i ch is l arge r  than VS TN UM ,  
then the c omputer i s  i n struc t e d  t o  move t o t h e  end o f  th e 
program an d c ont i nue pro c ess ing the dat a in the memory of the 
c ompu t er w i t h out read ing in addit i onal dat a . 
c .  
r ·- --------JgNTJNUE---- ----t 
- - -- --· - ------ -1 ·-----
�--'-- . ---- •. - l -----
__ ,,...,.,- l J:i  --- ---
____ ________ --D�red Month N o . � 
<-- Equal y
es . 
--------- -"Month N o . o n  tape ( IDATA ( J ) ) 
·----- -
F igure 1 d. 
-
o re data o f  the new month 
mem o ry spac e  reserved by 




d .  
Aft e r  r e a c h i ng the prop e r stat i o n on the t ap e � t h e  c omputer 
c h e.: �ks to ens ure that the m o nth number ( IDATA ( J ) )  e qv.als a 
c ount e r  ( IE ) . Th is c heck de t e rmine s if the c omput e r  s k ippe d 
a J. o g5. c al r e c o r d . The check is a c c ompl ishe d by a c omp ar is o n  
o f  th e m onth number ( I DATA ( J ) )  wi th a c our;t e r ; the c omputer 
24 
w i l l st op rea d ing r e c or ds at th e beginn ing of a n e w  month , 
st ore t h e  n e w  m onth o f  l o gi c al rec ords , and f i n i � h the c al c u -
1 a t i o ns o n  t h e  prec e d ing l og i c a l  re c ord bef o r e  go ing o n  t o  
a d i ff e re nt l o gi c a l r e c o r d  o f  the new m o nt h. 
F i gure l e .  
[ 
60 r 
C ON TINUE 
_____ _  �_=1 
Est ab l ish the va lue of : 
MONTH =N o . of Month o n  t ap e  
( I DATA ( J ))  
N UMDAY =N o .  of days i n  m o nt h  
( I DA TA ( 6 ) ) , and ad j ust subs c r i pt 
o f  I DA. TA t o  c orre sp ond w i th days 




I f th e c omput e r  i s  read ing the c orr e c t  l og i c a l  re c ord ,  the 
var i ab l e c a l l e d  MON TH is s e t  equal to the m onth number , and 
th e numbe r  o f  days in th e month ( I DATA ( 6 ) ) i s  s e t  e qual t o  
the var i ab l e  NUMDAY . Then the re s t  o f  th e data i s  a d j u s t e d  
s o  th at IDATA ( ? ) thro ugh IDATA ( J ? ) c orre sponds t o  I DA TA ( 1 )  
th r ough IDA TA ( J 1 ) . For e xample , th e mean s tr e amfl ow f o r  the 
20th day in any m onth woul d  init i a lly be repre s e nt e d. by 
. IDATA ( 2 6 ) ;  �1 oweve r , after ad j ustment , th e m e an s tre amfl ow 
for th e 2 0 th d ay in any month wou l d  b e  repr e s e nt e d by 
IDATA ( 2 0 ) . Th i s  c on c lude s the fir s t  pha s e  of the pr ogram 
wh i c h may be c al l e d  the s t at i on s e l e c t i on ph as e . 
F igur e 1 f . 
e .  
I - ---r-The f�l l��i�g oper�t i ons are I p c rf c rI11.c d  on the f i r s t  one - 1 I th ird peri o d  of re c ords . ___J 
- I . r-----
Th e dat a i s  che c ke d  f or b lank s , 
if th ere i s  a blank the data i s  
n o t  c ount e d , s t ore d ,  o r  s umme d . 
=i fTh e  data i� c o unte d b y  th e �o unt er IX . 
[--"----__ _ 
the mem o ry dat a
.
i s  s t ore d in 
e re s erve d by X .  I ·--__.. 
--����-·������ 
The dat a i s  summe d and s e t  e qual . 
t o  SUMX . 
f . 
2 5  
Figure 1g . 
f. 
The previou s ly mentioned operations outlined 
by the fl ow chart between e .  and f .  are re­
peate d for the sec ond and third one -third 
m onth periods . The variables IX, X, AND SUMX 
are rep laced by the variables I Y , Y ,  AND S UMY , 
and the variables IZ, Z, and SUMZ, respectively . 
After the proper station has been selected on the tape, by 
th � station sel ection phase, the pr ogram c ontinues t o the 
second phase of the pro gram. The second phase begins after 
2 6 
the c omment card " PR OGRAM T O  SORT DATA" and ends j ust before 
the c omment car d. · " PR OGRAM TO LIST DATA IN DES CENDING ORDER, " 
as sh own in the pr ogram listing (Appendix C) . In the fl ow 
chart of the pr ogram, this phase of the program extends from 
C ONT INUE statement 65 to C ONTINUE statement 100 . During this 
phase of the pr ogram the logical record is divided into one­
third m onth periods. Within this second phase of the program 
there are three repetitions of the operations perf ormed on 
the data , one f or each one-third m onth period. The three 
repetiti ons performed on the data are similar , and only one 
will be discussed herein, since the other repetitions of the 
set of operations are identical .  
·. 
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I n i t i a l l y  i n  t h i s  s e c ond phas e ,  th e dat a  i s  ch e c ke d for 
a b l ank r e c o r d . I f  th e dat a i s  not b l ank i t  i s  c ount e d  by 
th e c ount e r , s or t e d  int o i t s  r e s pe c t ive memory s pac e (X , Y ,  
or Z )  and s ummed .  Th r ou gh out th i s  pap e r  and r e s ul t i ng c om ­
put e r  p r ogram the var iab l e s X ,  Y ,  and Z a r e  use d . Any s t at e -
m e nt o r  t e rm e nd ing in " X "  c orre s ponds t o  th e f i r s t  one - th ir d 
month p er i od , and lik ewi s e  anyth ing end ing i n  " Y ' ' and " Z 1 ' 
c or r e s p ond s t o  th e s e c ond and th i r d  one - th ird month p e ri od s , 
r e s p e c t i ve ly . 
Th e th i r d  ph as e of the program b e g ins w i th the c omme nt 
c ard " PROGRAM T O  LI ST DATA IN DESCENDING ORDEH " and ends with 
the c omme nt c ar d  " PROGRAM TO  PRINT FLOW- DURATI ON TABLE " , as 
sh own in th e pro gram l i s t ing ( s e e  App end i x  C ) . Th i s  p o rt i on 
of the pr o gram may be i d ent i f i e d  on th e f o l l ow ing f l ow c hart 
as s t art ing w i th C ON T INUE s t at ement 1 0 0 and e nd ing pr i or t o  
th e l og i c a l  " IF "  s t at ement l abe l e d 1 64 . 
g .  
r������--���1 00:.-i-'����-����-
C QNTINUE ___ _ _____ __ ] 
__ J _ _ _ 
The dat a c ount e r  ( IX )  i s  che c k e d  f o r  a z erp val u e . A 
valu e  o f  z e r o  f o r  th e dat a c ount e r  wi l l  c au s e t h e  p r o gram t o  
s k ip th is p or t i on o f  ph a s e  th re e th at c orre s ponds t o  the 
first o ne - t h ir d  month pe r i o d . 
Th e d a t a  f 6r the fir s t  one - th ird month p e r i od i s  
arrange d int o a de s c end ing or d e r  o f  magni tud e . 
Th e rank e d f l ow value s in " X " , th a t  c or r e s p ond t o  the 
p e rc entage s g i ven by PERDUR , are s t ored in t h e memory spac e 
re s e rve d by FLOWX .  
j The ave rage fl ow for the first one -third month_ p e r i o d i s 1 � .at e d · �y d i vi d ing t h e  sum of th e f l ows ( SUMX ) Dy 1 0 0 ( I X )� 
h .  
F i gure 1 h . 
The t h i r d  phas e o f  th e program i s  s im i l ar t o  th e s e c ond 
pha s e  of the program in th at there ar e thre e s e t s  of i d ent i ­
c al ope rat i ons . Th i s  dupl i c at i on i s  ne c e s s ary b e c au s e  th ere 
are thre e s e t s  6f independently s t o re d  data . Th e f i r s t  s e t  
of operat i ons i s  given by th e flow di agram in F igure 1h .  
The f l o w  d i agram of the other two s e t s  of o p e r at i ons i s  pre ­
s e nt e d  in F igure s 1 i , 
I 
[ 
l h .  
Th e data c ount e r  ( IY )  i s  ch e ck e d  for a z e r o  value .  
A va lue o f  z e ro f or the data c ount e r  will c au s e  the 
pr o gram t o  skip the p ort i on o f  pha s e  thre e that 
c orre s p onds to th e s e c ond one - third m o nth p e r i o d . - -,- -- ------1 
Th e dat a f'or th e
--
s e c ond o ne - th i r d  month p e ri o d  i s  
arrange d int o a de s c end ing order of magn i tude . .  
-i-----.-r--����- ��--�------1--�--� 
T h e  rank e d f l ow value s in n y u , th at c orre sp ond t o  
th e perc e nt age s gi ven by PERDUR , are s t ore d i n  th e 
memory spac e re s e rve d  by FLOWY . 
�--,.-------------�----1
Th e ave r age f l ow f or th e s e c ond one - th i r d  m onth 
pe r i o d  i s  c al c ulat e d  by divi d ing the sum o f  the 




c ount er ( I Z )  i s  ch e cke d f o r  a z e r o  val ue .  
A value o f  z e r o  f or the dat a c ount e r  wi ll c aus e the 
pro gram to s k ip the port i on o f  phas e thre e  that 
c orre s p onds to th e th ir d one - th ird m o nth p e r i o d . 
Th e data for th9th ird one - th ir
.
d m onth p e r i o d  i s  
arrange d int o a de s c end ing order o f  magni tu de . 
I 
Th e rank e d  fl ow value s i n  " Z " , that c orre sp ond t o  
th e pe rc e nt age s given by PERDUR, are s t or e d  i n  th e 
mem o�y spac e re s erve d  by FLOWZ . 
I 
The ave rage f l ow for th e �h�r� one -th ird m onth 
p e r i o d  is c al c ul at e d  by d ivi d ing th e sum o f  t h e  
f l ow s  ( SUMZ ) b y  1 0 0 ( IZ ) . 
I .  
i . 
1 
F i gure 1 i . 
· . .  
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T o  avo i d  repe t it i on ,  only that p o rt i on o f  phas e thre e o f  
th e pro gram th at handl e s  th e firs t one - th ir d  m onth p e r i o d  
wi l l  b e  d i s c us s e d . Th i s  d i s c us s i on c ou l d  s im i l ar i l y  be 
appl i e d  t o  th e o th e r one - th ird month p e r i o ds . 
Upon ent e r ing th i s  s e gment of the pro gram , the re c ord 
c ount er is c h e c k e d so th at if for s ome re as on data were no t 
re c or d e d i n  the one - th ir d  month p e r i o d , th i s  part o f  th e 
pro gram i s  om i tt e d . I f  data exi s t s  in th i s  one - th ir d  m onth 
per i o d ,  the da t a  i s  s ort e d  and l i s t e d  in de s c end ing order . 
2 9  
A s e as onal fl ow- durat i on tab l e  e xh ib i t s the fl ows t hat 
are e qua l l e d  or e xc e e de d  a give� perc ent age of the t ime . Th e 
expre s s i on ( NX /I X ) 1 0 0 . 0  y i e l ds th e per_c e nt age o f  t ime that a 
fl ow was e qu al l e d or e xc e e de d ,  provi de d the f l ows are arrange d 
in de � c end ing order . NX i s  th e rank o f  the r e c ord and IX is 
the t o t a l  numb e r  of re c ords . In th i s  s tu dy , the perc e nt age 
of o c c urrenc e  of f l ows with in the pe r i o ds of dat a we re arb i ­
trar i l y  s e l e c t e d a s  1 0% inc rement s s t art i ng at 0% . As a 
re s ul t  o f  the pre - s e t  s e l e c t ion o f  perc e nt age s , th e rank o f  
the fl ow s  t h a t  are equall e d  o r  exc e e de d  t h e  g i ve n  p e r c e nt age s 
of t ime ,  mu s t  b e  de termine d . The e xpr e s s i on NX =KX ( IX / 1 0 0 . 0 ) 
yi e l d s  the rank o f  th e flow th at c orre sponds t o  the g iven 
perc e nt age .  Wh e re KX i s  the perc ent age f or wh i ch th e fl ow i s  
. de s i re d ,  I X  i s  th e t o t al number of re c ord s , a n d  N X  i s  the 
rank of th e f l ow . Th e known rank of th e fl o w  i s  u s e d  to 
se l e c t the f l ow and st ore th i s  value in th e c omputer memory 
in th e s p ac e  de s i gnat e d  FLOWX . Th i s  s e le c t i on of rank e d 
fl ows c ont inue s un t i l  FLOWX i s  f i l l e d wi th th e value s that 
c orre sp ond t o  the 1 0% increments . Th e program c ont inue s and 
c omput e s  th e aver age fl ow for th e one - th ird month peri o ds by 
div i ding th e pr e v i ously- obt a irte d s um of fl ow r e c ords by th e 
numb er o f  r e c or d s . Th i s  ent ire pro c e s s i s  dup l i c at e d  two 
add i t i onal t ime s for the other one - th ir d  month p eri o ds . 
Th e fourth and final ph as e o f  th e program d e a l s  pr imar ­
i ly with th e pr int ing o f  the output in the f o rm of th e s e a -
s onal fl ow- durat i on t ab l e  an d with re - s e t t ing b a c k  t o  z e ro 
th o s e  var i ab l e s that were init ially s e t  e qual to z e r o . Th e 
fourth phas e  o f  th e program be gins wi th the c omment c ar d  
" ;pR OGRAM T O  PRINT FLOW -DURAT I ON TABLE " and c ont i nue s t o  the 
end o f  the pro gram . In the fl ow c h art of the p r o gram th i s  
phas e begins w i th " IF "  s t at ement numb er 1 64 and c ont inue s t o  
th e e n d  o f  th e pro gram . 
i .  
1 6�- l 
The c ounters ar e che c k e d  f or a z e ro val u e . 
I f  al l the c ount ers have a z e r o  value th ere 
i s  nn dat a  and the pr int ing operat i on is 
s k ippe d . ·---------; 
WR.I �rE 
Pr int the pro s p e c t i ve m?nth and dat � � o f  
t h e  one - th ir d month per i o d . T h e n  wr i t e  th e 
fl ows that c orre s p ond t o  th e p erc ent a�e s  
give n t o  PERDUR . A t  th e e�d o f  th e l in� o f  
. pr int out , wr i t e  the one � th ird month p e r � o d 
e rage fl ow and
.
the numb er o� re c or d s  in 





. ______ __, 
. ----- ----- !�. 
F igure 1 j . 
3 0  
A t  t h e  be g i nn ing o f  th i s  port ion of t h e  pr ogram t h e  c ount e r s  
are che cke d f o r  a value o f  z e ro . I f  al l t h e  c ount e r s  h ave a 
value o f  z e ro , th e print i ng operat i on i s  by-p a s s e d , but i f  
any o f  t h e  c o unt e r s  cont a in a value o t h e r  th an z e ro , th e 
print i ng operation w i l l  be carri e d  out . Th e n  th e c omput e r  
print s the s e as ona l fl ow- durat ion t abl e a s  it pro c e e d s 
thr o ugh th e m onth s .  An exampl e of th e pri nt out o f  th e s e a -
s on.al f l o w - dur,at i on i s  give n i n  Tab l e  5 i n  a f o l l owi ng s e c -
ti on . 
F i gure 1k . 
j . 
A ny data s t ore d in I S T ORE i s  
re v ive d b y  s e t t ing the dat a 
e qual t o  I DA TA . ����������-
�������_!__--��--��������·�-, 
R e - s e t  I X = O , I Y =O , I Z = O , S UMX = O . O ,  
S UMY = O . 0 ,  S YMZ =O . 0 ,  an d I B =I B + 1 . 
k .  
Next ,  any s t or e d da t a  i s  re v i e we d and br ough t  t o  the 
J 1  
3 2 
a t t e nt i 0n o f  th e c omput e r . Th en th e var · ab l e s  us e d  in th e 
pro gram ar e r e s e t  t o  the init i al value s .  Las tly , the month 
c ount er ( I B ) i s  checke d for a value gre at e r  than 1 2 . If IB i s  
gre at e r  t h an twe l ve , a l l  th e data h a s  b e en proc e s s e d . Th e 
c omputer i s  then s ent back t o  finish the o p e r at i on s  on th e 
dat a in memory with out read ing any new dat a pr� o r  t o  ending 
th e program . I f  I B  i s  l e s s  than 1 2 , not 2.l l  o f  the d ata h a s  
b e e n  pro c e s s e d  and the c omput e r  i s  returne d t o  a p o int in th e 
program wh e r e  new dat a wi l l  b e  r e a d in . Th e c omput e r  program 
ac tual ly re p e at s  i t s e l f twe lve t ime s in that part o f  th e 
F i gure 1 k . 





program s h own by the f l ow chart in F igur e s 1 a ttirough 1k . 
Exampl e o f  A r.pl i c at i on of th e P r opo s e d  Pr ogram 
I t  i s  b e l i e ve d  that th i s  program i s  un ive r s a l ly adapt a �  
b l e t o  any US GS magne t i c  t ap e  o f  the 
·
given format , o r  a t  any 
rat e , unive r s al ly adaptab l e  t o  any s t at i on on t h e  US GS mag­
ne t i c  t ap e  avai lab l e  at S outh Dakota S t at e Unive r s i t y . Th e 
only ste p ne c e ssary in re vising the p r o gram , s o  that a s e a ­
sonal flow -durat ion table is construc t e d  f or any o f  the 
giv en stat ions on the tape , is to subm i t  th e p r o p e r  station 
number at the appropr iate plac e in the pro gram . 
The l o c ation of the station number i s  in the f irst 
e i ght columns of a blank computer card , this include s a 
column for the de c imal po i nt . The prop e r  loc a tion of the 
station number on the c ard is shown i� Figure 2 for the sta­
tion numb ered 64 5 2 0 . 0 0 .  T h.is car d is then pla c e d  be tw e en 
cards 1 5 6 and 1 5 8 of the c ompute r de c k .  
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The r e su l t ing printout of t h e  seasonal f low-durat ion 
tabl e for station 645 2 0 . 0 0 is shown in Tabl e 5 .  The station 
numbe r  is pr inte d as " US G S  S TA T I ON N O . 64 5 2 0 . 0 0 "  on both t he 
l e f t - and right - hand borders . In the boqy of t h e  tabl e the 
f lows are p rinted across th e tabl e from l eft t o  right unde r  
their corre spond ing perc e ntage s . The n on the far right the 
mean flow and the number of days of flow re c ord for the given 
one - third month p e riod is printed . A more de t a i l e d  disc us ­
sion of the output is given later in thi s pap e r .  
Compl e t ed Flow- D uration Table 
The progr am r e sults in a printout of the se asonal flow­
duration table are printed dir e c tly . The pr in tout for the 
seasonal flow -dur ation t able for station nunibe r 64 5 2 0 . 0 0 has 
be en r e produ c ed and is s h o wn in Tab l e  5 .  
The US G S  st ation numb er i s printe d at both the top l e ft 
. . 
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Tab l e  5 .  S&rtple Print out of the S e asonal .Flow-rMtat ion Table for S tation 64520 . 00 
us� s S T A T I ON N8 . 6 4 5 2 0 . 0 0  U S G S  S T A T I O N N O .  64 5 2 0 . 0 0 
T I H E 
P E � I O D 
J !. 'l l' A R Y  
1 - � c 
l l - 2 G  
2 1 - 3 1  
F E u P. U t. R Y  
l - 1 0  
l l - 2 0  
2 1 -· 2 3 / 2 9  
l' A'.{ ( H  
1 - i.. 0 
l l - 2 0  
2 l - 3 l 
t1 ? K  1 l 
1 - l O  
1 1 - 2 0 
2 1 - 3 0 
H A Y  
!. - 1 0  
1 1 - 2 -J 
2 l - 1 l. 
J U '! t: 
1 - 1 0  
l l - 2 0  
2 1 - 3 0 
J U L Y  
l - 1 0  
1 1 - 2 0  
2 1 - 3 1  
A u ::; u s r  
i - 1 0  
1 1 - 2 0  
2 1 - 3 1  
S E P  T E  � 9 ER 
l - l 0 
1 1 - 2 0  
2 i - 3 0  
CJ C  T C 3 E R  
1 - 1 0  
1 1 - 2 0  
2 1 - 3 1  
,' l Q V E  � B E R  
1 - 1 0  
l. 1 - 2 0  
Z l - � ()  
O E C f: l'\ 3 E R 
l - 1 0  
l l - 2 0  
2 1 - 3 1  
F L O w < C F S � T H A T  W A S  E QU A L L E D  O R  E XC E E D D DUR I �G I ND [ CA T E D  P E R I OD O f  R E C O R D  
P E R C E N  O F  T l  M E  
o . o  1 0 . 0  2 0 . 0  3 0 . 0 4 0 . 0 o . o 6 0 . 0 7 0 . 0  8 0 . 0  9 0 . 0 
2 5 0 . 0  
2 0 0 . 0 
j 2 0 . 0 
1 6 0 0 . 0  
3 6 0 0 . 0 
4 0 0 0 . 0 
n o . o  
l l o . 0 
! 5 0 . 0  
2 4 0 . 0 
4 9 0 . 0  
6 0 0 . 0  
1 S 1 0 0 . 0  2 1 0 0 . 0 
1 6 3 0 0 . 0 3 2 7 0 . 0  
4 4 0 0 0 . 0 3 5 0 0 . 0 
2 6 2 0 0 . 0 
5 9 4 0 . 0 
1 1 7 0 0 . 0 
3 ::1 7 0 0 . 0  
2 6 3 0 0 . 0  
l l 4 0 C. . O 
2 n o o . o  
1 8 1 0 0 . 0 
1 2 0 0 0 . 0  
1 0 0 0 0  . • 0 
1 9 9 0 0 . 0 
4 e 3 o . o 
5 3 6 0 . '0  
6 9 8 0 . 0 
7 90 0 . 0 
4 1 8 0 . 0  
3 7 0 0 . 0 
7 0 4 0 . 0 
4 9 3 0 .  0 
2 6 3 0 . 0  
2 0 7 0 . 0 
1 6 6 0 . 0  
1 4 2 0 . 0  
� 9 8 . 0  
6 0 8 . 0  
3 2 0 . 0 
3 0 0 . 0 . 
2 4 C O . O  
1 7 3 0 . 0  
2 C 4 0 . 0  
2 1 5 0 . 0  
2 2 6 0 . 0  
2 7 9 0 . 0 
2 2 0 0 . 0  
4 1 '-. 0 . 0  
4 0 3 0 . C 
l. 3 4 0 . 0  
8 9 0 � 0  
8 t. 5 .  0 
6 7 0 . 0  
, 7 5 5 . 0  
5 8 1 . 0  
3 8 8 . 0 
3 3 1 . 0 
4 9 8 ., 0  
3 4 � . c  
3 9 3 . 0  
2 5 0 . C  
2 5 (; .  0 
2 6 0 . 0  
2 0 0 . 0  
1 6 8 . 0  i to . o  
l 5 0 . 0  
q s . o  
8 0 . b 
1 0 0 . 0 
1 5 0 . 0  
2 0 0 . 0  
38 0 . 0  
8 5 0 . 0 
1 6 2 0 . 0  
2 0 8 0 . 0  
1 5 0 0 . 0  
1 0 5 0 . 0  
1 0 8 0 . 0  
1 1 6 0 . 0  
1 1 8 0 . 0 
1 3 6 0 . 0  
1 4 2 0 . 0  
2 2 6 0 . 0 
1 7 0 0 . 0  
9 G O . O  
5 2 3 . 0  
4 8 7 . 0 
4 0 0 . 0  
3 7 5 . 0  
3 1 5 . 0  
2 0 5 . 0  
1 2 7 . 0  
'2 3 3 . 0  
2 0  l . C  
1 9 2 .  0 
1 %  .. 0 
1 7 1 . 0 
1 7 0 . 0 
i 4 9 . 0 
1 2 0 . 0  
1 0 4 . 0  
1 2 0 . 0 
7 5 . 0  
6 6 . 0  
7 5 . 0 
9 6 . 0 
1 5 0 . 0 
2 7 0 . 0  
60 0 . 0 
9 0 0 . 0  
1 4 7 0 . 0 
1 0 5 0 . 0 
8 3 7 .  0 
7 3 8 . 0  
7 3 1 . 0  
1 2 0 .  a 
7 9 4 . 0  
1 0 6 0 . 0  
1 3 6 0 . 0 
9 0 6 . 0  
6 4 0 . 0  
3 9 1 . 0  
3 3 1 . 0  
2 6 4 . 0  
2 4 9 . 0  
2 1 0 . 0  
1 4 5 . 0  
9 8 . 0  
l 3 7 . 0 
1 4 0 . 0  
1 4 0 . 0  
1 4 8 . C  
1 3 4 .. 0 
1 3 7 . 0 
l t  6 .  0 
9 5 . 0  
8 5 . 0  
90 . 0  
6 5 . 0  
6 0 . 0 
6 0 . 0 
7 4 . 0  
1 0 0 . 0 
2 0 0 . 0  
4 5 0 . 0  
6 6 0 . 0  
1 0 5 0 . 0 
8 0 0 . 0 
6 1 0 . 0  
5 6 0 . 0  
5 4 0 . 0 
5 2 0 . 0  
5 4 3 . 0  
8 0 0 . 0 
9 6 8 . 0  
6 2 6 . 0  
3 7 5 . 0  
3 0 '1 . 0  
2 5 0 . 0 
2 0 7 . 0 
1 7 7 . 0  
1 5 9 . 0  
l l l . O  
8 0 . 0  
s o . o  
8 8 . 0  
1 1 3 . 0 
1 2 1 .  0 
1 1 6  .. 
1 1 8 �  
l 0 3 .  
s o . v  
7 0 .  � 
7 4  .. � 
6 0 . 0 
5 3 . 0  
5 0 . 0 
5 5 . 0 
9 0 . 0  
1 5 0 . 0  
3 1 6 . 0 
5 1 5 . 0  
7 8 9 . 0 
5 8 6 . 0 
5 1 5 . 0  
4 3 0 .. 0 
4 2 8 . 0 
4 3 0 . 0 
4 0 6 . 0  
6 0 5 . C 
6 3 3 .  0 
4 2 6 . 0  
2 9 8 . 0  
2 2 9 . 0 
L 9 9 . 0  
1 5 1> . 0 
l 3  l .  0 
1 1 6 . C  
8 7 . 0  
6 6 . 0  
6 6 . 0 
6 7 . 0  
8 2 . 0  
9 5 . 0 
9 <1 . 0  
l O l . C  
'J O .  0 
"TO . 0 
6 0 . 0 
60 . 0  
s o . 0 
4 5 . 0 
..:. 5 .  0 
� o . o 
7 0 . 0 
1 0 0 . 0 
2 -'+ 0 .  0 
4 0 0 . 0 
6 :) 0 . 0 
4 � 0. 0 
4 2 1 . 0  
3 H . O  
3 5 5 . 0 
3 -/ 8 . 0 
3 2 4 . 0  
4 2 . 0 
4 4 . 0 
3 2 .. 0 
2 3 4 . 0 
U l . O  
l ·· 3 .  0 
1 2 4 . 0  
<; l w 0 
'1 4 .  0 
7 0 . 0 
') 6 .  0 
'.J 4 . 0 
'j 7 .  0 
(1 5 .  0 
li O . O 
0 0  .. 0 
•n . o  
1 10 . 0 
o O .  0 
�i O .. 0 
5 0 . 0 
4 0 . 0  
3 5 . 0 
4 0 . 0 
4 4 . 0 
5 5 . 0 
7 8 . 0 
1 5 5 . 0 
2 9 9 . 0 
4 5 6 . 0  
4 0 2 . 0  
3 5 5 . 0  
2 7 6 . 0  
2 9 4 . 0 
3 0 4 . 0  
2 5 7 . 0 
3 2 4 . 0  
3 0 0 . 0  
2 4 7 . 0  
1 7 0 . 0 
1 6 1 . 0  
1 0 6 . 0 
7 7 . 0 
6 0 . 0  
6 8 . 0 
5 2 . 0  
4 6 . 0  
4 0  .. 0 
4 6 . 0 
5 7 . 0 
6 9 . 0 
7 4 .' 0  
7 6 . 0 
6 0 . 0 
4 6 . 0 
4 0 . 0 
4 0. 0 
2 4 . 0 
2 4 . 0 
3 0 . 0  
3 0 . 0  
4 5 . 0  
6 5 . 0 
1 0 0 . 0  
2 1 0 . 0  
3 2 5 . 0  
3 0 0 . 0  
2 7 7 . 0  
2 3 7 , 0  
2 1 7 . 0  
2 1 8 . 0  
2 0 4 . 0 
2 1 1 . 0  
1'9 1 . 0  
2 0 3 . 0  
1 1 2 . 0  
1 2 2 . 0  
7 6 . 0 
5 8 . 0  
4 0 . 0 
42 . 0  
3 7 . 0  
3 6 . 0 
3 1 . 0 
3 4 . 0 
4 1 . 0  
5 8 . 0  
6 6 . 0 
6 0 . 0  
4 2 . 0  
3 5 . 0 
2 8 . 0  
3 0 . 0 
1 4 . 0  
1 1 . 0  
1 5 . 0  
2 0 . 0  
2 4 . 0 
3 4 . 0 
9 2 . 0  
1 2 5 . 0 
2 2 6 . 0 
2 1 2 . 0  
2 2 4 . 0 
1 9 0 . 0 
1 7 5 . 0  
1 3 9 . 0 
1 06 . 0 
1 5 8 . 0  
1 1 6 . 0  
1 2 3 . 0 
5 5 . 0  
5 7 . 0  
4 2 . 0  
3 3 . 0  
2 1 . 0  
1 4 . 0  
1 9 . 0  
2 1 . 0  
2 0 . 0  
2 5 . 0  
3 4 . 0 
4 6 . 0 
5 0 . 0  
3 6 . 0 
2 1 . 0  
2 4 . 0  
1 4 . 0  
1 5 .  0 
M E A N  N O .  O F  
1 0 0 . 0  F L O W I C F S )  R E CO R D S  
4 . 5  
s . o  
5 . 0  
4 . 8  
6 . 0  
3 5 . 0  
l l . O  
4 0 . 0  
5 0 . 0  
5 2 . 0  
1 0 8 . 0  
2 0 2 . 0  
8 J., . O  
4 6 . 0  
2 4 . 0  
2 1 . 0  
3 4 . 0  
9 1 .  0 
0 . 5  
0 . 7  
0 . 5 
0 . 5  
0 . 6  
0 . 6  
0 . 8  
l . 5  
1 2 . 0  
9 . 0  
1 8 . 0  
2 6 . 0  
1 4 . 0  
1 2 . 0  
4 5 . 0  
s . o  
9 . 0  
2 . 0  
6 4 . l  
5 8 . 4  
7 0 . 0  
1 0 7 . 7  
1 9 9 . 0  
3 0 6 . 5 
7 9 2 . 3  
1 3 6 9 . 6  
1 7 7 4 . 3  
1 2 1 4 . 4  
7 8 1 . 9 
9 1 1 . 8 
1 4 5 4 . 0  
1 2 5 3 . l 
1 0 5 0 . 4  
1 1 5 5 . 0  
1 6 8 6 . 3 
1 2 3 7 . 5  
6 1 4 . 4  
5 2 7 . l 
3 8 1 . 3  
3 0 6 . 9  
3 0 2 . 0  
2 6 4 . 8  
1 9 0 . 9  
1 6 0 . 5 
2 2 8 . 6  
1 6 7 . 6  
1 7 5 . 8  
1 4 8 . 3  
1 4 7 . 8  
1 3 8 . 4  
1 0 7 . 6  
8 5 . 3  
7 6 . 0  
7 2 . 6  
4 2 0  
4 2 0  
4 6 2  
4 2 0  
4 2 0 
3 4 6  
4 2 0  
4 2 0  
4 6 2  
4 2 0  
4 2 0  
4 2 0  
4 2 0  
4 2 0  
4 6 2 
4 2 0  
4 2 0 
4 2 0  
4 2 0  
4 2 0  
4 6 2  
4 2 0  
4 2 0 
4 6 2  
4 3 0  
4 3 0  
4 3 0  
4 2 0  
4 2 0  
4 6 2  
4 2 0  
4 2 0  
4 2 0  
4 2 0  
4 2 0  
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3 6  
and r ight margi ns for e as e  o f  re fe renc e . The percent of t i me 
which  the fl ows e qual or e xc e e d  are pr inte d acr o s s  the t op 
of  the tab l e  al ong with oth er c o lumn h e ad ings s u ch as : T ime 
P e r i o d ,  Me 2.n Flow ( cfs ) , and No . of Rec ords . S tart ing on the 
le ft , the c omput er pr int out inc lude s the month and c o rre s ­
pond ing dat e s  o f  the one -third month per i o d . In the b ody of 
th e t ab l e  the fl ows that are equal l e d  o r  e xc e e de d  the given 
perc e ntage s o f  t ime are pr int e d .  The me an . f l ow i s  pre s ent e d  
o n  the r i gh t  t o  al l ow a c ompari s on be twe e n  the ave rage fl ow 
and the mo s t  frequent fl ow ( 50% fl ow) . At the e xtreme right 
margin , the numbe r  of r e c ord s in the one - th ird month p e ri o d  
i s given . . Th i s  value s ome t imes varie s with in a month due t o  
t h e  fac t t hat a month may have 2 8 , 2 9 , 3 0  o r  3 1 day s . F or 
exampl e , a s tat i on wi th 3 1  ye ars of  r e c ords woul d h ave J 1 0  
re c ords i n  th e first and s e c ond one - third month p e r i o ds and 
c oul d have be twe e n  2 5 6  and 341 re c ords in the t h ird one ­
th ird month p e r i o d . 
The s e as onal flow - durat i on table sh own in Tab l e  5 c ould  
b e  us e d  t o  obtain an e s t imate of the perc ent of t ime a fl ow 
of 2 0 0  c f s has  o c c urre d  in J uly and S eptemb e r . From the 
tab l e , it c an be s e en that from past rec ords , a fl ow of. 2 0 0  
c fs o c c urre d i n  this  s tre am 7 0 %  o f  the t ime in t h e  f ir st 1 0  
day s o f  J uly ,  60% o f  the t ime during the s e c ond 1 0 - day peri o �  
of J uly ,  and 5 0 %  of th e t ime during t h e  las t 1 1 - day p e ri o d  
of J uly .  H owe ve r ,  in J anuary 2 0 0  c f s  was the maximum flow 
duri ng · th e mi d d l e · 1 0 � day .  pe r i ods . Th i s  examp l e  shows · h ow ·  
th e s eas onal avai lab i l i t y  of a flow may b e  e s t imat e d from 
th e s e a s onal flow -dura t i on tab le . 
3 ?  
S UMMARY AND C ONC LmH ONS 
�he ob j e � ·� ive of th is s t u dy was to deve l op a c omput er 
pr ogTam th at w o u l d me e t  t h e  f o l J. o wing c r i t e ri a : 
:l. � �I1h e p r o gr am mus t  b e  a dapt ab l e t o  t h e  US GS 
c omput e r  t apes of s t ream - f l ow gauging r e c o r ds . 
2 .  1.rh e  pr ogram mus t p r o v i de f or a pr int o ut of th e 
s e as o n a l  f l ow -durat i on tabl e w i th o ut manual 
man ipulat i on . 
J . Th e p r o gram mus t  be adap t abl e t o  any s tat i on 
o n  th e give n US GS tape . 
4. Th e p r o gram mus t be eas y t o  u s e . 
I t  i s  b e l i e ve d that the c omput e r  program d e s e r  1-i."} e d  ab o w� 
s ub s t ant i al l y  fulf i l l s th e s e  ob j e c t ive s . Th e p r o gram i s  
appI 5. c ab l e  t o  any USGS t ap e  of the forma.t d.e s c r .i b e i i n  th i :::: 
pape r . H ow e ve r , i t  has n o t  b e en pr o ve n that t h e  pr ogram i s  
t o t a l l y  app l ic ab l e  t o  all USGS tape s . The pro gram h as b e en 
te s t e d  u s ing var i o us s tat i ons on the ava i l ab le t ape , and i t  
app e ar s  t o  b e  unive r s a l ly app l i c ab l e t o  th e gi ven tape . Th e 
pr ogram i s  s impl e t o  us e in th at only one c ar d  n e e d  b e  c h ange d 
t o  obt a in a s e as onal fl ow- durat i on t ab l e for a d i ffer ent s t a -
t i on . . I t  i s  h op e d th at th is pr ogram wi l l  pr o vi d e a u s e ful 
tool f o r  hydr o l o g i c al s tu di e s  by mak ing the s e as onal f l ow-
durati on t ab l e  e a s ier to obtain . 
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APPENDIX A 
Th e pr ogram wh i ch re ads the t ap e  
a s  re c e i ve d  from th e US GS . 
·Th i s  pr ogram yi e lds an e xac t 
pr int out o f  wh at i s  on the tap e  . 
.. . 
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L E V E L  2 1 . 6  ( M A Y  7 2  l O S / 3 6 0  F O R T R A N  H 
C OM P I L E R  O P T I O N S  - N & M E � M A 1 N , O P T = O O , L 1 � E C N T = 5 C . S I Z E = O O O O K , 
I S 'l 0 0 0 2  
I S'l O O U  3 
S O J � C E r E B C D I C , N O L I S T , N O D E C K , L O A O , N O � � P . N O E O I T e N D I O , NOX R E F  
D I  1-'. EN S  I O N J < 38 l 
l s 'i  
I S � 
1 S '< 
1 s '� 
l S "l  
t S N 
I S 'l 
0 '.) C 4  
0 0 0 5  
0 0 0 6  
0 0 0 7 
0 0 0 8  
0 0 0 9 
0 0 1 0  
• O P f I O N S  I N  E F F E C T o 
uo l l = l , 2 0 0  
K E •'< D  ( 1 0 . l O l  J 
1 0  Fr.� '1 :.T  i 3 8 A4 ) 
r. � I T E < 1 2 , 2 >  J 
2 F O R � A T  ( 4 { '  ' • 1 0 1 1 3/ ) )  
C O N T I NU E  
S r G P  
END 
NAME = M A I N . O P T : O O , L l N E C � T = S O r S I Z E = O O O O K , 
• U P T I J N S  l N  c F F E C T *  S O U R C E , E B C D I C , N OL I S T , NO D c C K , L O A D , N O � A P , N C E D l T v N O l O , NO X R E F  
• S T A T I S T I C S •  S OU R C E  S T A T E M E N T S  � 9 , P R O G� A M S I Z E ' " 72.  
• S T � T I S T I ( S $ NO D I A G N O S T I C S  G E Nt RA T E D  
• � � * * •  ENO OF C O MP I L AT I ON • * * * * *  1 3 S K  BY TE S O F  d ORE N O T  USEO 




S ort pr ogram t o  s ort US GS t ap e  from 
l is t ing as s t at i on numb e r , by y e ar , 
by month , ont o a tape wi th the 
orde r s tat i on numb e r , 
by month , by ye ar . 
·. 
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I I * P R OG R A M  T O  S O RT U S G S  T A P E  GR E G  M E Y E R  
/ / S O R T O L A  E X E C  S O K T O  
/ / S O R T . S O R T I N  D D  D S N = G R E G T A P E , V O L = S E R = C E f A P E , U � I T = 2 4 0 0 , 0 I S P = ( O L D , P A S S l , 
I I  D C B = { R E C F M = F B , L R E C L = l 5 2 ? 8 L K S I Z E = 4 5 6 0 ) , L A B E L = ( , N L ) 
/ / S O R T . S O R T U LJ T C O  D S N = G D E G T A P E , V O L = S E R : C E T A P O , GN I T = { 2 4 0 0 , , 0 E F E R > , 
I I  D C B = t R E C F M = F B , L � E C L = 1 � 2 , 0 L � S I Z E = 4 5 6 0 ) , L A B E L = C , N L } , Q f S P = G L D  
/ / S O R T . S O � T W K O l D D  U N I T = 2 3 1 4 , S P A C E = < T R K , ( 3 0 0 } , , C O N T I G ) , V 0 L = S E R = l 7 9 3 8 2  
/ / S C R T . S O R T W K 0 2  O D  U N ! T = 2 3 1 4 , S P·A � E = ( T R K , C 3 C O ) , , C O N T I G ) , V O L = S E � = 1 7 9 3 8 2 
/ / S U R T . S O R T � K 0 3 O D  U N I T = 2 3 1 4 , S P A C � = ( T R K , C 3 G O l , , C O N T I G J , V O l. = S E R = l 7 9 3 8 2 
/ / S O R T . S Y S I N  O D  * 
S O R T F I E L O S = ( l , 4 , A , 9 , 4 , A , 5 � 4 , A } , F O R M A T = 8 I 
E N D  




C omp l e t e  l is t  of th e c omputer program th at 
c ons t ruc t s  the s e as onal fl ow- durat i on table . 
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I I �  F L O W D L R A T I O N T A B L E 
/ / f L U � E X E C  F O � T G C L G  
/ / F G R f . S Y S I N  0 0  o 
G R E G  M E Y E R  
c P R O G � A M  r o  C O � P U T E  S E A S O N A L  S T R E A �  F L O W  GU R A T [ ON T A n L E  









D I � E t\ S I O N X M O "l l 1 2 , 3 )  7 
D A T A  P E R D U R 1 0 � 0 , t o . o , 2 0 . o , 3 0 . o , 4 0 . o , s o . o , 6 0 . o , 1 0 . o , v o e o , q o . o , 1 u o . o  e 
* / , B L A N K / ' ' I  . 
R E A D  ( 5 , 2 ) V S T N U M  
2 F U K �1 A T ( f 8 . 2 ) 
0 A T A  X t.t 0 N I  • J A N U '  , ' F E H R  ' , ' M A. R C  ' , ' A P R  I ' , ' M AY ' , ' J UN E  ' , ' J U  l Y ' , ' A UG U '  , 
* ' s E p T ' ' t ( c T 0 f t ' �'i c '/ f • • ' c r: c :: • I ' I� K y  • I t u f\ R y • , • rl I J ' L ' ' ' I ' I 
* • , •  • , • s r  • , • f �. !3 E 4 , ' A E K • , 1 M B E R. 1 , 1 MB E � 1 . 8 * 4 H , • R ' • 3 * 4 H 
* I 
W R  I T E  ( 6 ,  8 )  v s  T N U �·· . •  v s  r q�n · ,  P E R C U R  
8 F O R � A T ( 1 1 1 , r s , • u s •:; s  S f A T l C N � -m . • , F 8 . 2 , T 9 9 , ' U S G S  S T A T  I O :-: � m  .. • , r e . 2  
'fl. I ' 0 ' ' r 2 ,, f ' F L Q \..,i I c F s J T rl fl. , . � A s E Ju A L  l. E c 0 ;{ t x c E E  0 E 0 OU R I N I� { T i  fl I c " r F. D 
* P E R I O D OF K E C O K U ' / '  • , r 5 , ' T £ M E ' , T 5 5 , ' P E R C E :-.i r  O F  T f t-'. E 1 , T l 0 9 , 1 M E A N ' 
* t T l l 9 , 1 N C .  O F ' / '  1 , T 5 , 1 P E R I 0 0 ' , T l 7 , l l F 8 . l , T l 0 7 , ' F l 0 'rl ( C F S l ' , T l l P, , • R  
* E C O R D S 1 I '  ' , T S  , 1 2 0 ( ' - ' ) )  
1 0  C O N T I NU E  
I X  0 
I Y  = O 
I Z  O 
I B  l 
S U M X O . O 
S U M Y  O . O  
S U ,_. l  0 . 0  
I E  N n  - C 
2 0  � E A O  ! i U , 2 2 , � N O  = 9 9 9 9 ) i 0 A T �  
-; ? F 0 � t-'.'\ r ( 3 H A '• ) 
S T A N L ,.. = ( O A T A ( l ) / 1 0 0 . 0 
I F  ( V S T N L M . E Q . S f A � U M } Gn T O  �o 
I F ( S T A N U � . G T e V S l � U M ) G O  T O  L O O 
G O  T C  2 0  
� O  C O N T I N L 1 E  
I F  ( 1 H . C: C . I O A T A_ l 3 ) ) GO T O  6 0  
D O  5 5 I =  l ,  3 O 
I S T O R f ( l )  = l D A T A ( I )  
5 ,5 C 0 N T I N U  C:: 
G O  T C  1 0 0 
6 0  C O N T I N U E  
M O N T H  = I O A T A ( 3 ) 
N U P D A Y  = I U A T /1. ( 6 )  
D O  6 5  [ = 7 , 3 7 
I O A T A (  J .'... 6 )  = I O A T A ( I )  
6 5  C O N f I N U E  
P R O G R A M  T O  S O R T D A T A  
D O  7 0 I = l , 1 0  
I F  ( l D /l. T A C i l . E Q . u L A N K ) 
I X  == I X + l  
X ( ! X )  = l D A T A ( I l  
S U M X  = S UM X  + X ( I X ) 
7 0  C O N T I N U E  
8 0  
D O  8 0 I = l 1 , 2 0 
I F ( I D A T A ( I ) • E C .  0 L /\ �J K ) 
I Y  = I Y +- l  
Y ( I Y > = 1 0/1 1 A l I t 
S U � Y = S U M Y  + Y (  [ Y )  
C O N T I NU E  
0 0  9 0  1 ; 2 1 , � U M O A Y  
G O  T O  7 0  
G C  T O  8 0  
9 
1 0  
l 1 
1 2  
l 2 . � 
1 3  
1 3 . 5  
1 4  
1 5  
l b  
l 7 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 '• 
2 5  
2 6  
2 7  
2 8  
z q  
3 0  
3 1  
3 2  
3 ·� 
3 4  
3 5  
3 o  
3 7  
.r n 
3 9  
4 0  
4 1  
4 2  
4 3  
'• 4 
4 5  
4 6  
4 7  
4 8  
4 9  
s o  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
'\ R  
5 9  
t> O  
6 l  
6 2  
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c 
I F  < I D A T A (  I > . E O . e. L /I N K ) G C  T O  Q Q  
I Z  = I Z + l  
l (  I Z >  = I O A T A {  U 
S U M Z  = � U M Z  + Z (  l l )  
9 0  C O N T I N U E  
G O  T O  2 0  





1 0 0  C O N T I NU E  
I F (  I X . E 0 . 0 )  GO T O  1 2 5  
DO 1 l 0 I = 1 , I X 
J X  = I-+ l  
0 0  1 1 0 L = J X , J X:  
I F  C X < I i • G E . X ( l )  ) G O  T 0 1 1 0 
T E M F' X  = X ( l )  
X ( l )  = X. { U 
X ( l )  = T E M P X  
1 1 0 C O N T  I N U E  
D O  1 2 0 I = l t l l 
K X  = I - 1  
N X  = K X * I X / 1 0  
I F  ( N X . l: C . 0 )  N X  l 
F L O � X ( l )  = X < N X l / 1 0 0 . 0 
1 2 0  C Q.'·H I N U E  
A V E X = S U � X / ! l X * l 0 0 . 0 )  
1 2 '>  I F ! I Y . E Q . O l G O  T C  1 4 5  
D O  1 3 0 I =  l , I Y 
J Y  = I + l  
C O  1 3 0 L = J Y ,  l Y  
I F  ( Y ( l > • G E . Y C L )  ) G O  T C  1 3 0 
J t M P Y :: Y ( l l  
y ( f )  =- Y ( L )  
Y ( U  = T E M P Y 
t ·� o C O N T l N U E  
D O  l 4 u  I = l • l l 
K Y  -= I - 1  
N Y  = K Y * I Y / l O  
I F  ( N Y . E Q . 0 )  N Y = l 
r t . O � Y ! l }  = Y { N Y ) / 1 0 0 . 0  
1 4 0 C O N T I N U E  
A V E Y  :: S U l-' Y /  ( [ Y * l O O . O }  
1 4 5  I F ( I Z . E Q . O l G O  T O  1 6 4 
DO l 50 I =  l , I l 
J l  = l + l  
D O  l � O L = . J Z , t l 
I F  { l ( l ) . G E . Z < U >  G O  T O  1 5 0  
T E M P Z  = Z < I >  
Z ( I }  = Z ( L )  
l ( L > = T E � P Z 
l 5 0 C o r� T I N U  E 
DO l 6 0  I ::  l ,  l l 
K Z  = 1 - l 
N l = K l * l Z / 1 0  
I F  ( � z . cc.: . o >  N Z == l 
F L O W Z ( l )  = L UJ Z > / 1 0 0 . 0  
1 6 0  C O N T I N LJ E  
A V E L = S UM l / C i l * l 0 0 . 0 )  
G O  r e  1 6 4  
9 9 9 '.J  I E N O  = l 
GO T C  1 0 0  
P R O G K M', T O  P R I N T F L C:\-l O U R A T I Ot� T /I B L E 
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 0  
7 1  
1 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  
8 1  
8 2  
0 3  
8 4  
8 5  
8 6  
8 7  
8 8  
8 9  
9 0  
9 1  
n 
9 3  
9 1i 
9 5  
9 6  
9 7  
9 8  
9 9  
L O O 
l 0 1  
l 02 
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